Abstract. The aim of the present study was to identify biomarkers in osteosarcoma (OS) cell serum by antibody microarray profiling, which may be used for OS diagnosis and therapy. An antibody microarray was used to detect the expression levels of cytokines in serum samples from 20 patients with OS and 20 healthy individuals. Significantly expressed cytokines in OS serum were selected when P<0.05 and fold change >2. An enzyme-linked immunosorbent assay (ELISA) was used to validate the antibody microarray results. Finally, classification accuracy was calculated by cluster analysis. Twenty one cytokines were significantly upregulated in OS cell serum samples compared with control samples. Expression of inteleukin-6, monocyte chemoattractant protein-1, tumor growth factor-β, growth-related oncogene, hepatocyte grwoth factor, chemokine ligand 16, Endoglin, matrix metalloproteinase-9 and platelet-derived growth factor-AA was validated by ELISAs. OS serum samples and control samples were distinguished by significantly expressed cytokines with an accuracy of 95%. The results demonstrated that expressed cytokines identified by antibody microarray may be used as biomarkers for OS diagnosis and therapy.
Introduction
Osteosarcoma (OS) is the most common type of bone cancer and the incidence of OS is higher in adolescents (1) . There are no obvious clinical signs at early stages of the disease only pain, swelling and joint dysfunction (1) . OS is a disease with high local aggressiveness and a tendency to metastasize to the lungs. Patients were amputated in early therapies but still 80% of them inevitably succumbed to lung metastasis (2) . Thus, identification of molecular biomarkers that may provide precise diagnosis and treatment for OS are required.
Cytokines, a family of protein or micro-molecule polypeptides, are important in the regulation of cellular adhesion molecules and exhibit antitumor activity (3, 4) . Cytokines can regulate cell growth and differentiation, and enhance immune responses to stimuli (5) . In tumor pathogenesis, cytokines inhibit chemical carcinogenesis, lymphomas and breast cancer invasion (6) (7) (8) . Li et al (9) showed that enhanced expression of bone morphogenetic protein in OS cells exerted inhibitory effects on their growth and migration. Elevated expression of chemokine (C-X-C motif) ligand 4 (CXCL4), CXCL6 and CXCL12 in the OS serum from infants was screened using an antibody microarray (5) . This study aimed to identify other cytokines that may be biomarkers for OS diagnosis and therapy.
Protein expression profiling of serum obtained from patients and healthy individuals has been analyzed by enzyme-linked immunosorbent assay (ELISA), microRNA proofing and matrix-assisted laser desorption/ionization mass spectrometry (10) (11) (12) . High-throughput screening has been demonstrated to be rapid and effective for protein profiling, which has been applied in a simple manner (13) . Antibody microarray, a high-throughput method, has been widely used for protein expression profiling, such as profiling of cytokines and chemokines (14) (15) (16) . Thus far, numerous potential biomarkers for cancer diagnosis have been identified in different cancer types by antibody microarray (14, 17, 18) .
In the present study, antibody microarray was used to identify the cytokines that were significantly expressed in OS and an ELISA method was used to confirm microarray results. Finally, clustering analysis of the expressed cytokines was performed for evaluation of classification accuracy. Antibody microarray. A high-throughput antibody microarray AAH CYT-G2000, including AAH-CYT-G6, AAH-CYT-G7 and AAH-CYT-G8 was purchased from RayBiotech Inc. (Atlanta, GA, USA). One hundred and seventy-four antibodies have been immobilized on the slides in advance by the manufacturer. Cytokines in each serum sample were detected twice. Additionally, the negative control and the positive control for the cytokines were also detected twice in each serum. The slides were blocked in 3% (w/v) fat-free milk powder (blocking solution) followed by washing in phosphate-buffered saline (PBS). Then, 100 µl serum samples (diluted four times with blocking solution) were incubated at 4˚C overnight. Subsequently, slides were rinsed using PBST (containing PBS and 0.05% Tween-20, pH 7.4) and PBS successively, four times for 5 min. Then biotin-labeled antibodies were incubated for 2 h and washed with PBST for 30 min. After drying, slides were incubated with fluorescent dye-conjugated streptavidin (RayBiotech Inc., Norcross, GA, USA) for 1.5 h and were scanned by an Axon GenePix 4000B scanner at 532 nm (Axon, Union City, CA, USA).
Materials and methods
ELISA. ELISA was performed using commercially available kits from R&D Systems (Minneapolis, MN, USA) according to the manufacturer's instructions. Absorbance was detected at 450 nm by a Bio-Rad model 680 microplate reader (Bio-Rad, Hercules, CA, USA). Duplicated experiments were performed for each sample.
Statistical analysis. Axon GenePix Pro 6.0 software (Axon, Union City, CA, USA) was used to analyze the scanning data and signals were normalized by positive signal values. Data were analyzed by one-way analysis of variance using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 and fold change >2 were considered to indicate a statistically significant difference. The ratio of signal values from the sample channel to reference channel was calculated for each antibody spot. In order to evaluate whether cytokine expression screening by antibody microarray could distinguish OS samples from control samples, unsupervised clustering analysis (20) of upregulated cytokines was performed using Cluster 3.0 (21), which was based on uncentered correlation and average linkage algorithms (22) .
Results
Screening of significantly upregulated cytokines using antibody microarray. Twenty serum samples from patients with OS and 20 from healthy individuals were analyzed using a microarray containing 174 antibodies. The sensitivity of the antibody microarray is pg/ml and there were no cross reactions between cytokines. The background noise was low and signals from positive and negative control arrays were normal. Fig. 1 shows the expression levels of cytokines in OS samples compared with that in with control samples. The cytokines shown in Fig. 1 are listed in Table Ⅱ . Expression levels of 21 cytokines were upregulated in OS samples when compared with control samples (Table II) . The ratio of signal values from OS to control serum ranged from 2.15 to 12.14 fold. These results indicate clear differences in the cytokine expression profile between the OS and control groups.
ELISA validation of antibody microarray performance.
Validation is important for interpreting and using antibody microarrays. The following nine cytokines shown in Table  Ⅱ were selected for ELISA analysis: interleukin 6 (IL-6), monocyte chemoattractant protein-1 (MCP-1), transforming growth factor-β (TGF-β), growth-related oncogene (GRO), hepatocyte growth factor (HGF), CXCL-16, Endoglin, matrix metalloproteinase-9 (MMP-9) and platelet-derived growth factor (PDGF)-AA. Table Ⅲ shows the cytokine expression profile analysis by antibody microarray and ELISA. ELISA results showed that expression levels of cytokines were significantly upregulated in OS samples compared with control samples (P<0.05), which was consistent with the microarray results. However, the ELISA concentration ratios Table I . Clinical characteristics of the OS group and control group. Signal value
Cytokine .01, compared with the control group. The corresponding microarray results are also listed for comparison. Data are presented as the mean ± standard deviation. IL, interleukin; MCP-1, monocyte chemoattractant protein-1; TGF-β, tumor growth factor-β; GRO, growth-related oncogene; HGF, hepatocyte growth factor; CXCL-16, chemokine ligand 16; MMP-9, matrix metalloproteinase-9; PDGF-AA, platelet-derived growth factor-AA.
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between the OS group and control group were not exactly the same as that in the microarray results. ELISA results showed that the concentrations of CXCL-16, TGF-β and Endoglin were 4.99-, 3.56-and 3.29-fold greater than that in the control group, respectively. While antibody microarray results demonstrated that IL-6 and PDGF-AA had higher signal values compared with the control serum samples, 12.14-and 10.17-fold increases, respectively. Sample classification. Cluster analysis was performed on the 21 significantly upregulated cytokines (P<0.05) screened by antibody microarray (Fig. 2) . The control group included 20 samples (nos. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and OS group included 20 samples (nos. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . In total, 18 serum samples in the control group could be distinguished from OS group and all serum samples in the OS group could be distinguished from the control group. The accuracy of classification was 95% ((18+20)/40). The results showed that cytokine screening was able to distinguish OS patients from healthy individuals.
Discussion
In the present study, 21 cytokines were identified that were significantly upregulated in OS serum samples, compared with control serum samples. ELISA was then used to validate antibody microarray results. Thus, the antibody microarray method was observed to be reliable and significantly expressed cytokines may be used as biomarkers for OA diagnosis and therapy. In pediatric OS patients, antibody microarray identified elevated expression of CXC chemokines and the results were validated by ELISA (5) . Similarly, antibody microarray has been used to screen biomarkers in other types of cancer, such as prostate (23) , lung (24) and pancreatic cancer (25) . The ratio of antibody microarray signals and ELISA concentrations from OS to control serum were not identical, however, the pattern of cytokine expression was the same. Microarrays can be affected by numerous factors, such as loss of antibody function, low antigen concentration and inconsistent antigen labeling (23) .
This study identified 21 cytokines with upregulated expression in OS serum samples and expression of nine cytokines was validated by ELISA. Among these cytokines, MMP-9 has been reported to be expressed in childhood osseous OS (26) . IL-6, HGF, Endoglin, TGF-β, PDGF-AA and MCP-1 have been reported to be associated with the pathogenesis of OS (27) (28) (29) (30) (31) (32) . CXCL16, a small protein that is a member of the CXC chemokine family (33) , has been reported to be expressed in tumor cells and may be a prognostic marker in patients with colorectal cancer (34) and renal cell cancer (35) . In the present study, CXCL16 was differentially expressed in OS samples compared with the control, and this was validated by ELISA. Conversely, CXCL16 did not show any differential abundance in pediatric OS patients compared with noncancerous disease controls in a study by Li et al (5) . These opposite results may be due to the differences in serum samples and antibody microarrays. However, this requires confirmation in future studies.
To the best of our knowledge, this is the first study to show that GRO is upregulated in patients with OS. GRO, a member of the CXC chemokine subfamily, associated with tumorigenesis and metastasis (36) , acted as growth factor in an autocrine manner in a human pancreatic cancer cell line (37) and mediated the invasion of breast cancer cells (38) . GRO was also observed to contribute to the proliferation of esophageal cancer (36) . Our results showed that expression levels of GRO were higher in OS samples than in control samples, which suggested that GRO may be a biomarker for OS diagnosis and therapy. However, further investigation is required for confirmation.
In conclusion, 21 upregulated cytokines were identified in OS samples using antibody microarray and ELISA to validate the results. Clustering analysis showed that expressed cytokines could distinguish patients with OS from healthy individuals. Thus, the expression of cytokines, screened by antibody microarray, may be used as biomarkers for OS diagnosis and therapy. However, the present data are limited to a relatively small group of patient samples and large experiments are required to investigate the association between cytokine expression and OS.
